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SUIAMARY 


This  Note  gives  the  results  of  experiments  carried  out  v;ith  1000  lb  Llk.lO 
bombs  at  R.A.F.  Idris,  August-September,  19^2. 

Values  are  given  for  the  temperatures  recorded  on  and  within  bombs  stored 
in  full  sunlight.  It  is  inferred  that  there  is  little  dojiger  of  the  filling 
melting  even  under  the  worst  tropical  conditions. 

Results  of  flight  trials  confirm  the  tables  of  speed  restrictions 
previously  issued  (R.A.E#  Tech.  Note  No.  Arm  704)  for  external  carriage  of 
V.T.  fuze  No. 906  and  1000  lb  bombs. 

Some  information  is  given  regarding  the  met.  conditions  at  Idris  during 
the  period  of  the  trials. 
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1  INTRODUCTION 


During  the  recent  Buccaneer  tropical  trials  at  R.A.E.  Idris,  Libya, 
August-September,  19^2,  an  R.A.E,  team  attended  to  study  the  behaviour  of  various 
weapons  under  tropical  or  near- tropical  conditions. 

This  Note  is  concerned  solely  with  tests  on  the  1000  lb  Kk.lO  bomb 
(although  the  results  are  applicable  equally  to  the  1000  lb  N.1  bomb)  and  covers 
the  following  conditions 

(a)  heating  of  the  bomb  when  stored  on  the  ground  in  the  sun, 

(b)  heating  of  the  bomb  on  the  aircraft  pylon,  with  the  aircraft  standing 
in  the  sun  on  the  ground, 

(c)  heating  of  the  bomb  in  the  aircraft  bomb  bay  during  flight, 

(d)  kinetic  heating  of  the  bomb  in  flight  when  carried  externally  on  the 
aircraft  pylon. 

Case  (a)  was  covered  adequately  in  the  period  before  the  aircraft  arrived 
at  Idris,  but  ov/ing  to  the  short  time  during  which  a  serviceable  aeroplane  was 
available  (5  days)  for  all  the  tropical  trials,  only  one  test  could  be  made  under 
each  of  cases  (b)  to  (d). 

In  addition  to  the  heat  measurements  made  on  the  bombs,  solar  radiation 
intensity  was  measured  near  by  and  data  on  shade  temperature,  wind  speed  and 
direction,  humidity  and  lov;  cloud  coverage  was  obtained  from  the  Idris  Met, 

Office • 

Host  of  the  trials  undertaken  had  as  aim  the  verification  of  previously- 
propounded  theories  on  bomb  heating  under  near-* tropical  conditions.  This  was 
done,  as  far  as  possible,  but  flight  limitations  imposed  on  the  aircraft 
(550  knots  maximum  speed,  with  air  temperature  not  to  exceed  35°C)  made  it 
impossible  to  obtain  as  high  bomb  temperature  increases  over  U.K.  summer  flight 
conditions  (lower  air  temperatures  but  higher  aircraft  speeds)  as  had  been 
hoped  for. 

2  V/EATHER  CONDITIONS 


Owing  to  delay  in  starting  the  trials  (August  21  st  instead  of  mid-July) 
the  air  temperatures  experienced  at  Idris  were  not  as  high  as  had  been  expected, 
being  generally  in  the  low  30s  centigrade,  with  the  occasional  excursion  to 

35''C. 

There  were  many  cloudless  days,  but  cloud  cover  tended  to  increase  towards 
the  end  of  the  trials  (mid-September)  and  for  several  days  at  the  end  of  August 
sand-storms  were  blowing. 
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Appendix  1  gives  details  of:- 

shade  temperature, 

humidity, 

low-cloud  cover, 

wind  speed  and  direction, 

solar  radiation, 

for  the  days  on  which  the  trials  reported  in  this  Note  were  carried  out. 

The  Appendix  also  gives  maximum  and  minimum  shade  temperatures  for  the 
v/hole  period  of  the  trials. 

The  solar  radiation  was  measured  with  a  Kipp  Solarimeter  which  had  been 
calibrated  at  Kew  Observatory. 

3  IHSTRmaiNTATION 


3.1  Bomb 


The  1000  lb  l^Qc.lO  bomb  was  fitted  with  eighteen  platinum-law  resistance 
thermometer  elements  arranged  in  two  groups  of  nine  as  shown  in  Fig.  1  . 

Of  each  group  of  three  elements,  one  was  just  below  the  surface  of  the 
bomb  skin,  one  v/as  at  the  surface  of  the  bomb  filling  and  one  was  3  onas  deep  in 
the  filling. 

Full  details,  with  diagrams,  are  given  in  Ref .1  ,  the  only  difference  being 
that  for  the  trials  described  in  this  Note  the  cables  from  the  thermometer 
elements  were  brought  out  from  the  rear  fuse  well  and  not  from  a  hole  out  in  the 
top  of  the  bomb. 

The  instrumented  bomb  was  filled  with  an  inert  substance  having  heat 
properties  as  close  as  possible  to  those  of  Torpex  2A  (see  Ref .1  ,  Appendix  1  ) 
and  connexions  were  provided  into  the  nose  fuse  well  so  that  a  V.T.  fuze, 
instrumented  v/ith  two  resistance  thermometer  elements  (one  on  the  power  pack, 
one  on  the  amplifier)  could  be  connected  if  desired. 

3.2  Recording 

'  Two  methods  were  used  for  recording'  temperatures.  For  the  ground  trials, 
the  leads  from  the  thermometer  elements  v/ere  connected  to  a  selector  box  in  which 
each  element  could,  in  turn,  be  connected  to  a  ratiometer  v/hich  gave  a  direct 
temperature  reading. 

For  flight  trials,  the  same  method  could  not  be  used  and  a  photographic 
recorder  was  constructed  to  fit  inside  the  bomb  tail,  mounted  on  anti-vibration 
mountings.  (See  Appendix  2  for  details.)  Once  every  minute  twelve  of  the 
thermometer  elements  in  the  bomb  (the  desired  twelve  being  selected  before  the 
trial)  were  sampled  automatically,  connected  to  a  ratiometer,  and  the  ratiometer 
dial  together  with  an  adjacent  clock  photographed  after  allowing  five  secs  for 
the  ratiometer  needle  to  take  up  its  correct  position  on  the  dial. 
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This  cycle  of  twelve  samples  per  minute  could  be  repeated  for  as  long  as 
the  recorder  was  switched  on.  Power  from  the  recorder  was  obtained  from  the 
pylon  or  bomb  bay  (for  external  or  internal  carriage  respectively)  and  fed  to 
it  either  throu^  a  two-pin  plug  in  the  base  of  the  tail  (internal  carriage 
only)  or  via  leads  which  entered  the  bomb  through  the  E.L,  fusing  position  and 
emerged  from  the  tail  fuze  well  to  be  connected  to  the  recorder. 

In  practice,  it  was  found  better  to  sample  eleven  resistance  elements  in 
turn  and  to  leave  the  twelfth  position  unconnected  to  form  an  identification 
point  once  in  each  cycle. 

The  accuracy  of  the  system  is  such  as  to  give  mean  temperature  rises 
correct  to  ±2^0.  Before  test,  care  was  taken  to  ensure  that  the  bomb  was  stored 
in  such  a  way  that  its  temperature  was  reasonably  constant  throughout.  The  mean 
value  obtained  from  a  pre-test  record  was  taken  as  the  initial  temperature  of 
the  bomb.  Bomb  temperatures  throughout  the  trial  were  then  obtained  by  adding 
this  result  to  the  values  of  temperature  rise  obtained  from  the  film. 

4  GROUND  TRIALS 

4*1  Bomb  on  ground  trolley 

Three  trials  were  carried  out  with  the  bomb  on  a  bomb  trolley  inside  a 
compound  such  that  it  v/as  effectively  shielded  from  wind  but  was  in  the  full  sun 
for  most  of  the  daylight  hours  (06. 30-20. 00  hrs  local  time,  G.K.T.  +  2  hrs). 

The  shielding  from  wind  was  not  intentional. 

The  trolley  was  placed  in  position  after  dark  the  previous  evening  (this 
V7as  dictated  by  other  trials  carried  out  in  parallel)  and  left  in  position  all 
night,  recording  starting  at  04.00  hrs  the  next  morning  and  continuing  until 
04.00  hrs  of  the  next  day. 

The  conditions  of  test  v/ere  as  follcv/s;- 

Trial  1  ,  bomb  in  north-south  orientation  with  nose  to  south.  No  tail 
fitted.  V.T.  fuze  No.906  fitted. 

Trial  2,  bomb  in  east-west  orientation  with  nose  to  east.  No  tail  fitted. 
No  V.T.  fuze  fitted. 

Trial  3>  bomb  in  east-west  orientation  with  nose  to  east.  Tail  No.1l4 
fitted.  No  V.T.  fuze  fitted. 

Tables  1  -3  shov/  the  temperatures  attained  during  the  three  trials  together 
with  the  relevant  met.  data;  Figs. 2-10  show  the  temperature  data  in  graphical 
form. 


4.2  Bomb  on  pylon 

One  trial  (No. 4)  was  conducted  v/ith  the  bomb  mounted  on  the  inboard  port 
pylon  of  the  aircraft  parked  on  the  airfield  v;ith  its  nose  pointing  west. 
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Again,  the  bomb  was  put  into  position  the  previous  evening,  but  owing  to 
aircraft  servicing  requirements  recording  was  only  possible  between  09.30  hrs 
and  14.00  hrs,  during  which  time  the  bomb  was  almost  completely  shaded  from 
direct  sunlight  by  the  aircraft  wing.  It  was  not  shielded  from  such  wind  as  was 
blowing. 

Table  4  shows  the  results  obtained, 

4.3  Results  obtained 


4.3.1  Comparison  between  Figs. 2,  5  and  8  shows  clearly  the  different 
effect  arising  out  of  the  direction  in  which  the  bomb  vras  pointing.  In  Fig. 2, 
with  bomb  pointing  south,  the  sun  v/as  on  the  port  side  during  the  morning,  then 
changed  to  the  starboard  side  for  the  hottest  part  of  the  day  (l4. 00-1 6.00 
local  time). 

In  Figs. 5  and  8,  the  bomb  nose  pointed  to  the  east  and  the  starboard  side 
was  in  the  sun  all  day  long,  Tfith  the  port  side  partly  shaded  from  direct  sun¬ 
light  by  the  top  of  the  bomb. 

For  all  three  cases,  the  bottom  of  the  bomb  never  received  full,  direct 
sunlight  and  the  temperature  rises  there  are  only  slightly  greater  than  those  of 
the  ambient  shade  temperature,  augmented,  perhaps,  by  some  slight  reflexion  from 
the  ground. 

Figs. 3,  6  and  9  show  that  in  only  one  case  does  the  temperature  at  the 
surface  of  the  bomb  filling  exceed  50°C,  and  that  only  marginally. 

During  the  hours  of  darkness  the  bomb  cools  steadily  and  by  dawn  next 
morning  is  completely  cooled  to  air  ambient  temperature  T.'hich,  for  the  duration 
of  the  trials,  v/as  generally  slightly  below  20°C. 

Considering  the  state  of  affairs  at  a  depth  of  3  into  the  filling 
(Figs. 4,  7  and  10)  we  see  that  the  maximum  mean  temperatures  for  the  three  trials 
are  42,  34  and  38°C  respectively  with  an  over-all  mean  of  3Q°C.  Individual 
points  exceed  these  values  for  a  time,  but  nowhere  do  the  temperatures  approach 
near  to  the  melting  point  of  Torpex  (70-80°C).  The  amount  of  filling  to  a  depth 
of  3  cnis  is  about  j  the  capacity  of  the  bomb  and  consequently  the  major  part  of 
the  filling  will  be  at  a  temperature  of  less  than  the  38°C  quoted  above,  which 
itself  represents  a  temperature  rise  of  about  18°C. 

Even  under  maximum  temperature  atmosphere  conditions  the  initial  morning 
temperature  would  probably  be  not  very  much  in  excess  of  20°C.  If  the  bomb 
filling  temperature  rose  by  twice  the  simount  found  in  these  trials  (and  this  is 
most  unlikely)  it  v/ould  still  be  considerably  below  melting  point. 

It  appears,  then,  that  there  is  little  danger  of  the  bomb  filling  melting 
(except  perhaps  for  very  local  melting  at  the  surface  of  the  filling)  during 
ground  storage  and  that  a  maximum  mean  temperature  of  35°C  for  the  filling,  as 
has  been  assumed  previously  (Ref.1  ),  is  reasonable. 

Some  protection  is  usually  provided  for  stored  bombs,  and  even  a  tarpaulin 
sheet  7/ould  reduce  local  temperature  rises  considerably  (see  para. 4. 3. 3). 
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4. 5*2  The  V.T.  fuze,  (Trial  No.1,  Table  1)  did  not  appear  to  heat  up 
quite  so  much  as  might  have  been  expected.  It  is,  however,  a  light  structure, 
very  susceptibel  to  cooling  from  changes  of  ambient  temperature  and  by  conduc¬ 
tion  into  the  bomb. 

4.5 *3  On  the  pylon,  very  little  temperature  change  vras  noticed  during  the 
period  of  the  test,  since  the  bomb  was  almost  completely  in  the  shade  from  the 
aircraft  wing  throughout  the  v/hole  period  and  was  also  exposed  to  the  wind  (up 
to  7  knots  from  a  south-easterly  direction).  Table  4  shows  the  temperatures 
reached  and  the  met.  conditions  for  the  day. 

This  trial  shov/s  hov/  effective  some  shielding  from  direct  sunlight  can  be 

in  keeping  down  bomb  temperatures;  trials  carried  out  on  other  stores  at  the 

same  period  showed  that  a  simple  avming  of  dark  cloth  on  a  light  frame  made  a 
considerable  reduction  in  store  temperature  as  against  the  case  of  no  shielding. 

It  is  probable  that  on  the  Buccaneer  less  shading  would  have  occurred  on 
the  outboard  pylons,  but  as  these  -are  not  yet  available,  it  could  not  be  tried. 

Only  one  trial  could  be  carried  out  on  the  pylon  since  this  was  the  only 

occasion  on  which  the  aircraft  stood  oat  in  the  sun  for  a  long  period. 

5  FLI&HT  TRIALS 

5.1  Bomb  in  bomb  bay 

Since  the  available  flying  time  of  the  aeroplane  v/as  so  short,  only  one 
flight  could  be  carried  out  v;ith  the  instrumented  bomb  and  three  uninstrumented 
ones  in  the  bomb  bay,  with  the  instrumented  one  in  the  forward  port  position 
\:hijn  the  bomb  doors  wore  closed. 

The  906  V.T.  fuze  v/as  fitted  to  the  bomb  and  in  addition  "Temp-plate" 
temperature  ‘  indicators  v/ere  attached  to  the  ejector  release  units  as  close  to 
the  cartridges  as  possible. 

The  flight  was  made  v;ith  bomb  doors  closed  under  the  following  conditions 
(Trial  N0.5):- 


Speed  550  kts  (M  =  O.8I  ). 

Height  500  ft. 

Duration  40  minutes. 

Air  temperature  30°C. 

Table  5  gives  the  temperatures  recorded  in  bomb  and  fuze.  Fig. 11  is  a 
plot  of  the  temperatures. 

5 . 2  Bomb  on  pylon 

Again,  only  one  flight  was  possible  (Trial  No. 6)  with  the  instrumented 
bomb  on  the  port  inner  pylon  and  an  uninstrumented  one  on  the  corresponding 
starboard  pylon. 
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Before  arriving  at  Idris  the  pylons  had  not  been  fitted  to  this  aircraft, 
even,  for  trial,  and  consequently  no  povrer  supply  to  run  the  recorder  was  avail¬ 
able  in  the  pylon.  One  was  eventually  improvised,  sufficient  for  this  one 
fli^t. 

With  the  pylons  supplied  with  this  aircraft  there  were  no  fairings  to  fill 
the  gaps  between  bomb  and  sole  plate  at  bomb  nose  and  tail,  and  in  consequence 
there  was  a  free  path  for  air  to  be  forced  into  the  pylon  and  over  the  E.R.U, 
with  a  possibility  of  seriously  overheating  it^. 

Consequently  an  initial  flight  was  carried  out  at  a  speed  of  450  kts  (with 
the  instrumented  bomb  replaced  by  an  uninstrumented  one)  with  the  E.R.Us  fitted 
;7ith  "Temp-plate"  indicators  as  for  the  internal  carriage,  '..fter  the  flight,  the 
E.R.U.  temperatures  had  not  exceeded  65°C  and  it  was  decided  to  be  safe  to  carry 
the  instrumented  bomb  at  550  kts  (aircraft  maximum  for  those  temperature 
conditions) . 

Table  6  gives  the  temperatures  measured;  Fig.l2  jgives  the  temperature  data 
in  graphical  form. 

5.3  Results  obtained 


5.3*1  In  the  bomb  bay,  most  of  the  heat  is  derived  from  internal  sources 
(hot  air  exhausted  into  the  bomb  bay)  rather  than  from  kinetic  heating  of  the 
aircraft  skin.  This  internal  heating  takes  place  whenever  the  engines  are  run  on 
the  ground  or  in  the  air,  and  pre-flight  running  of  them  accounts  for  the  high 
(32°C)  initial  bomb  temperature  (Fig.1l). 

Only  at  the  end  of  the  flight  was  the  temperature  beginning  to  level  off 
on  the  bomb  skin,  whilst  it  was  still  rising  inside.  In  an  empty  bomb  bay,  air 
temperatures  of  about  80°C  have  been  recorded.  The  large  thermal  inertia  of 
4  X  1000  lb  bombs  is  such  that  they  are  here  settling  dovm  to  a  steady  tempera¬ 
ture  well  below  80°C.  This  accords  with  the  results  of  tria].s  undertaken  on  a 
mock-up  bomb  bay^  to  investigate  the  kinetic  heating  of  bombs  placed  in  it. 

Those  bombs  took  longer  to  heat,  since  the  heating  was  purely  by  convection  from 
the  hoated  bomb  bay  skin,  there  being  no  flo\y  of  hot  a.ir  as  in  this  case,  but  in 
no  case,  even  after  prolonged  heating,  did  they  attain  a  temperature  anything 
like  the  air  temperature  reached  in  an  empty  bomb  bay  under  identical  heating 
conditions. 

For  the  flight  conditions  used,  the  aircraft  skin  temperature  would  have 
risen  to  about  63°C,  slightly  lovfer  than  recovery  temperature  (66°C),  so  there 
vfould  have  been  some  tendency  for  heat  from  the  hot  air  flovf  to  flow  outwards 
from  the  bomb  bay  as  well  as  into  the  bombs. 

The  V.T.  fuze,  being  a  liglit  structure,  heats  up  more  than  does  the  bomb 
and  its  final  temperature  (65°C  mean)  is  probably  a  reasonable  assessment  of 
effective  bomb  bay  temperature.  In  this  flight  its  temperature  was  such  that  its 
sensitivity  would  be  almost  halved;  lyhen  higher  speeds  become  possible  with  this 
aircraft  it  will  over-heat  even  more  unless  the  bomb  bay  hot  air  flow  can  be 
reduced. 


-  9  - 

RESTRICTED 


RESTRICTED 


Technical  Note  No.  13 


The  E.R.U.  cartridges  did  not  overheat  in  the  bomb  bay.  Their  maximum 
temperatures  being  less  than  65^0. 

5.3*2  On  the  pylon,  the  bomb  skin  quickly  rises  to  v/ithin  a  few  degrees 
of  recovery  temperature,  as  would  be  expected^  ,  but  there  is  no  serious  over¬ 
heating  of  the  bomb  filling  during  the  fliglit  period.  The  limitation  is  that 
the  filling  temperature  must  not  exceed  80^0  at  a  depth  of  3  cms.  Under  the 
conditions  of  this  flight  (speed  K  =  0.81,  ambient  temperature  30°C)  Ref.i  shows 
that  flight  should  be  possible  at  M  =  1  .65  for  W  minutes  before  overheating  of 
the  filling  occurred. 

The  same  paper  also  shows  that  the  corresponding  flight  limitation  on  the 
V.T.  fuze  (before  its  temperature  reached  70°C)  would  be  H  =  0.9*  This  agrees 
well  with  the  65^0  found  in  this  fliglit  at  M  =  O.8I  . 

After  the  flight  the  E.R.U.  cartridges  v/ere  found  to  have  reached  a 
temperature  of  75^C  which  exceeds  the  temperature  (70^0)  to  v;hich  they  are 
tested. 

Until  fairings  are  provided  on  the  pylon,  it  seems  likely  that  E.R.U.  and 
V.T.  fuze  temperatures  will  provide  flight  limitations  rather  than  bomb 
temperatures. 


After  the  flight,  the  two  upper  tail  attachment  screws  (No. 11^4.  tall)  were 
loose  by  about  one  turn,  although  they  were  tightened  as  hard  as  possible  before 
flight. 


6  GOriPARISON  ’.^ITH  TI-iECRETIC.AL  FI&URES 

A  previous  paper^  showed  that  for  a  homogeneous  body  such  as  a  conventional 
bomb,  a  good  approximation  to  the  temperatures  occuring  cat  any  point  within  the 
filling  after  a  given  time  from  start  of  heating,  could  be  obtained  by  treating 
the  bomb  as  a  cylinder  of  explosive  and  using  standard  conduction  theory  for  such 
a  body,  with  a  knotm  skin  temperature. 

Table  6  and  Fig.l2  show  the  temperatures  calculated  on  this  basis  for  a 
point  3  cms  into  the  bomb  filling,  using  the  measured  values  of  bomb  skin 
temperature.  These  calculated  values  agree  with  the  measured  ones  at  the  same 
depth  to  T/ithin  2-3°C,  the  calculated  ones  being  slightly  higher  than  the 
measured  ones. 

This  is  to  be  o>q)ected,  since  the  theory  neglects,  for  simplification,  the 
bitumen  layer  betvfeen  bomb  case  and  filling,  but  the  agreement  is  close  enough  to 
permit  use  of  theoretical  values  in  future,  at  least  initially,  with,  possibly, 
confirmatory  flight  tests  later  on. 

The  values  of  flight  limitations  given  in  Ref.1  should  nov/  be  considered  as 
accurate  for  external  carriage  of  1  000  lb  bombs  and  906  V.T.  fuzes.  For  con¬ 
venience,  these  flight  limitations  are  repi-oduced  here  as  Tables  7  and  8. 
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7  CONCLUSIONS 

(l  )  The  use  of  theoretical  temperatures  for  a  regularly-shaped  and  homo¬ 
geneous  store,  as  advocated  in  R.A.E.  Tech.  Note  No.  .\rm  702,  is  justified,  and 
gives  results  slightly  higher  than  would  be  obtained  in  practice. 

(2)  Bombs  stored  out  in  the  sun  under  tropical  or  semi-tropical  conditions 
will  have  a  maximum  mean  filling  ten^serature  of  about  35°C.  At  no  point  are  they 
likely  to  become  hot  enough  to  melt  the  filling. 

A  simple  awning  on  a  light  frame  would  reduce  the  heating  considerably, 

(3)  ’.Vhen  the  Buccaneer  is  standing  on  the  ground,  bombs  on  the  inboard 
pylons  do  not  suffer  much  temperature  increase,  due  to  shielding  from  the  sun  by 
the  aircraft  v/ing. 

(4)  No. 906  V.T.  fuzes  overheat  when  carried  in  the  Buccaneer  bomb  bay  due 
to  the  high  temperatures  there,  arising  from  the  injection  of  hot  air  from  else¬ 
where  in  the  aircraft. 

(5)  The  tables  of  flight  limitations  for  externally-carried  1000  lb  bombs 
and  No, 906  V.T.  fuzes  given  in  Tech.  Note  No.  Arm  704  are  reasonably  accurate. 

(6)  Fairings  are  required  between  bomb  and  pylon  sole  plate  to  prevent 
hot  air  entering  the  pylon  and  ovei'heating  the  ejector  release  units, 
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APPENDIX  1 


MET.  CONDITIONS  FOR  THE  TRI/J. 

PERIOD  AT  R,A.F.  IDRIS 


During  the  period  of  the  trials  solar  radiation  intensity  was  measured  on 
a  good  many  days  at  a  site  adjacent  to  the  trial. 

For every  day  of  the  trials  (21 st  August  to  20th  September)  the  following 
data  was  obtained  from  the  Idris  Met.  Office  for  hourly  periods  throughout  the 
whole  day:- 


Shado  temperature  (^C) • 

*^ind  speed  and  direction. 

Humidity. 

Sea-level  pressure. 

Lov/  cloud  cover. 

Table  1  of  this  Appendix  gives  this  data  for  the  days  on  which  Trials  1-6 
were  carried  out. 

Pigs.1  and  2  of  this  Appendix  shows  the  daily  maximum  and  minimum  tempera¬ 
tures  throughout  the  whole  period  together  v/ith  the  number  of  hours  per  day  on 
which  the  temperature: 


(a)  exceeded  30°C 

(b)  exceeded  35°C. 


ATTACHED; 

Drg.  Nos.  WS.R. 31  92-3193 
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FIG.l. DAILY  MAXIMUM  AND  MINIMUM  TEMPERATURES  FOR  THE 
TRIALS  PERIOD.  IDRIS.  AUGUST  20TH  TO  SEPTEMBER  20 TH  1962. 


TN.WE  W 
APFCWDtX  I. 

FIG. 2. 


SUnOH  dO  diaSHON 


FIG.2.  NUMBER  OF  HOURS  PER  DAY  FOR  WHICH  THE  TEMPERATURE  EXCEEI 

30°C  AND  35°C  AT  IDRIS.  AUGUST  20TH  TO  SEPTEMBER  20TH  1962. 
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APPENDIX  2 

THE  FLIGHT  RECORDER 

by 

R.  S.  Howell 


1  FLI&HT  RECORDER 


The  flight  recorder  shown  schematically  in  Pig.1  consists  of  a  Dekko  l6  mm 
camera,  modified  to  single  shot,  which  is  controlled  and  operated  by  an  electronic 
timing  circuit.  The  camera  photographs,  through  two  45°  mirrors,  the  two  instru¬ 
ments  mounted  above  it,  namely  a  temperature  indicator  and  a  clock,  which  are 
illuminated  for  the  exposure. 

2  TIMING  AND  SELECTOR  UNIT 


The  circuit  consists  basically  of  a  C.R.  time  constant  and  an  emitter 
follower  which  operates,  through  a  zener  diode,  two  relays,  a  uniselector  and  the 
camera  motor.  (See  Fig. 2.) 

The  circuit  supply  voltage  is  stabilised  at  16.8  volts  by  the  three  zener 
diodes  D.1  ,  D.2  and  D.3-  This  voltage  charges  C.1  through  R.2.  The  voltage  on 
C.1  is  impressed  through  the  emitter  follower  TR.1  ,  onto  the  zener  diode  D.4. 

At  approximately  5*6  volts  the  diode  breaks  down  and  TR.2  conducts  allowing 
relay  A  to  energise.  Relay  A  has  four  sets  of  contacts,  three  of  which  are  used. 

A. 1  provides  a  hold-on  path  for  the  relay,  A. 4  sv;itches  on  the  instrument  light¬ 
ing  and  A. 3  switches  positive  volts  onto  the  camera  motor.  The  camera  runs  until 
Sy.1  is  made.  This  is  a  commutator  switch  operated  by  the  camera  motor.  SZ/.I 
completes  an  energising  path  for  relay  B.  Relay  B  has  four  sets  of  contacts,  all 
of  which  are  used.  B.3  short  circuits  C.1  reducing  the  volts  across  it  to  zero, 

B. 2  provides  a  hold  on  path  for  the  relay  through  SiY.R,  B.4  open  circuits  the 
coil  of  relay  A  causing  the  camera  to  stop,  and  B.1  switches  volts  onto  the  coil 
of  the  uniselector  allowing  it  to  operate  once.  In  operating,  the  uniselector 
open  circuits  the  energising  coil  of  relay  B  through  switch  Sv/.2.  Relay  B  de¬ 
energising  allows  the  ;vhole  cycle  of  events  to  be  repeated  at  a  period  governed 
by  the  time  constant  C.1  R.2. 

Fig. 3  shows  the  complete  recorder  mounted  on  anti-vibration  mountings  in  a 
No. 114  bomb  tail.  By  unscrewing  two  knurled  nuts,  the  whole  unit  can  be  with¬ 
draw  from  the  tail,  and  is  shown  in  Fig. 4. 

3  TESTING 


The  unit  has  been  tested  to  operate  and  give  satisfactory  photographs  under 
vibration  and  also  at  an  ambient  temperature  of  70°C  for  1  hour.  In  flight,  the 
space  between  bomb  tail  and  recorder  was  packed  v/ith  glass-wool  to  provide  some 
heat  insulation,  but  in  fact,  under  the  conditions  available  for  the  flights, 
this  v/as  not  really  necessary. 


ATTACHED: 

Drg.  Nos.  WE. R. 31  94-3195 
Neg.  Nos.  160,661 
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FIG.I.  AUTO-OBSERVER  SCHEMATIC  DIAGRAM. 
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FrG.2.  AUTO- OBSERVER  TIMING  CIRCUIT  AND  SELECTOR  CIRCUIT. 
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FIG.3.  FLIGHT  RECORDER  MOUNTED  IN  BOMB  TAIL 
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TABLE  7 

Calculated  flight  limitations  for  V.T.  fuzes  Nos. 906  and  907 

v/hen  their  temperatures  must  not  exceed  70^C 


Sea  level 
temperature 
°C 

0 

Lin 

2000  I 

ft 

liting 

5000  , 

ft 

ach  numbe 

10,000  i 

ft 

r  for  hei 
20,000 
ft 

ghts  of*. - 

30,000 

ft 

Tropopause 

-26 

1.45 

1 .45 

1  .45 

1  .55  1 
1 

1 .7 

1.85 

2.15 

-20 

1 .4 

1  .4 

1  .45 

1  .5 

1 .65 

1  .85 

2.15 

-15 

1.35  ! 

1 

1  .4 

1 .4 

1  .45 

1 .65 

1 .8 

2.1 

I 

-10 

1 .3  i 
» 

1 .3  I 

1.3 

1  .45 

1  .6 

1 .75 

2.05 

-  5 

1.25  i 

1 .3 

1 .3 

1.4 

1'.55 

1 .75 

2.0 

0 

1 .2  1 

1  .2 

1 .25 

1  .35 

1.5 

1 .7 

1  .95 

5 

1 .1 5 

1  .2 

1  .2 

1  .3 

1 .5 

1 .65 

1  .9 

10 

1 .1  j 

1  .1 

1  .2 

1  .25 

1 .45 

1  .65 

1 .85 

15 

1 .0  1 

[1.1 

1  .1  5 

1  .25 

1  .4 

1.6 

1  .8 

20 

1 .0 

1  .0 

1 .1 

1  .2 

1  .4 

1 .6 

1 .75 

25 

0.9 

1  .0 

1 .1 

1  .15 

1  .35 

1 .55 

1  .75 

30 

0.9 

1  .0 

1 .05 

1.15 

1  .35 

1 .55 

1  .75 

35 

0.8 

0.95 

1  .0 

1  .1 

1 .35 

1 .5 

1 .7 

40 

0.7 

0.95 

1  .0 

1  .1 

1  .3 

1  ./:-5 

1  .7 

45 

0.7 

0.9 

0.95 

1  .05 

1 .3 

1 .45 

!  .65 

50 

0.6 

0.9 

0.9 

1  .05 

1 .25 

1  1 .4 

1 .6 

1  -  ■  ,  ■  , 

NOTE:  (l )  For  speeds  in  excess  of  the  above;  temperature  limits  will  be 
exceeded  for  any  flight  in  excess  of  1 0  minutes  duration. 


(2)  Values  above  are  rounded  to  the  nearest  O.O5M. 
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TABLE  8 


Calculated  flight  limitations  for  1000  lb  bombs  when  the  bomb 

filling  temperature  must  not  exceed  80‘~^C  at  a  depth  of 

3  cms  after  40  minutes  flight 


Sea  level 

Limiting  Mach  number  for  heights  of;- 

temperature 

0 

2000 

5000 

1  0,000 

20,000 

30,000  , 

Tropopause 

°C 

ft 

ft 

ft 

ft 

ft 

-26 

2.5 

2.5 

2.5 

2.6 

2.75 

2.85 

3.15 

-20 

2.4 

2.4 

2.4 

2.55 

2.7 

2.8 

3.1 

-15 

2.3 

2.3 

2.35 

2.5 

2.65 

2.8 

3.05 

-10 

2.25 

2.25 

2.3 

2.4 

2.6 

2.75 

3.0 

-5 

2.2 

2.2 

2.2 

2.35 

2.55 

2.75 

2.95 

0 

2.1 

2.1 

2.15 

2.3 

2.5 

2.7 

2.9 

5 

2.0 

2.05 

2.1 

2.25 

2.45 

2.7 

2.83 

10 

1 .95 

2.0 

2.05 

2.2 

2.4 

2.65 

2.8 

15 

1  .85 

1.9 

1  .95 

2.15 

2.35 

2.65 

2.75 

20 

1.8 

1 .85 

1.9 

2.1 

2.3 

2.6 

2.75 

25 

1  .75 

1 .8 

1  .85 

2,0 

2.25 

2.6 

2.7 

30 

1  .65 

1 .75 

1  .8 

1 .95 

2.2 

2.55 

2.7 

35 

1 .6 

1 .65 

1 .75 

1.9 

2.15 

2.5 

2.65 

40 

1 .5 

1 .6 

1 .7 

1 .85 

2.1 

2.5 

2.65 

45 

1 .45 

1.5 

1  .6 

1 .8 

2.05 

2.45 

2.65 

50 

1 .35 

1 .45 

1 .55 

1 

1 .75 

} 

1  .0 

I  2.4 

2.6 

NOTE:  (l )  These  limitations  apply  only  to  the  bomb  itself,  or  one  with 

fuzes  inserted  in  fuze  wells  within  the  bomb  nose  or  tail. 
They  do  not  apply  to  a  V.T.  fuze  external  to  the  bomb. 


(2)  Initial  bomb  temperatures  assumed  (see  Ref.4):- 

Sea  level  temp.  Initial  bomb  temp. 


-26 

to 

-10°C 

-20°C 

-  9.9 

to 

+1  QOC 

o°c 

10.1 

to 

30°c 

20°C 

30.1 

to 

50°c 

30°c 

(3)  Values  are  rounded  to  the  nearest  O.O5M. 
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FIGI. 


FIG.  1. RESISTANCE  THERMOMETER  ELEMENTS  IN  BOMB. 
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FIG. 2.  tOOO  LB.  MK.IO  BOMB  ON  GROUND.  TRIAL  No.l.  TEMPERATURES  0„ 

RECORDS)  ON  BOMB  SKIN.  BOMB  NOSE  TO  SOUTH.  N? 
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FIG.  3. 


FIG. 3.1000  LB.MK.10  BOMB  ON  GROUND. TRIAL  No.l. TEMPERATURES 
RECORDED  AT  SURFACE  OF  BOMB  FILLING.  BOMB  NOSE  TO  SOUTH. 
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TN.  WE. 13 
FIG  .  4. 


FIG.4.1000  LB.  MK.  lO  BOMB  ON  GROUND.  TRIAL  No.l.  TEMPERATURES  RECORDED 
AT  A  DEPTH  OF  3  CMS.  INTO  THE  FILLING.  BOMB  NOSE  TO  SOUTH. 
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FIG.  5. 


3.  3yfUV>d3dlMai 


FIG,5.  lOOO  LB,  MK.IO  BOMB  ON  GROUND.  TRIAL  No.2  TEMPERATURES  RECORDED 

ON  BOMB  SKIN.  BOMB  NOSE  TO  EAST. 


Q 

O 

O 


o 

o 

(VJ 

o 


o 

o 

cvJ 


o 

o 

AJ 

CJ 


o 

o 

o 

M 


o 

o 

QD 


O 

O 

O) 


o 

o 


o 

o 

CM 


o 

o 

o 


o 

o 

00 

o 


o 

o 

o 


ni 

CO 

IQ 

eJ 


cQ 

a: 

X 

cu 


-h 

H 

5 

eir 

III 

2 


(vi 

cO 

CO 

OJ 


T.N.W  E.  13 

FIG.  6, 


FIG.6.  lOOOLB.  MK.IO  BOMB  ON  GROUND.  TRIAL  No.2. TEMPERATURES  RECORDED 

AT  SURFACE  OF  FILLING.  BOMB  NOSE  TO  EAST. 
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FIG.7 
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FIG. 7.  IOOOLB.MK.IO  BOMB  ON  GROUND.  TRIAL  No. 2. TEMPERATURES  RECORDED 
AT  A  DEPTH  Of  3 CMS.  INTO  THE  FILLING.  BOMB  NOSE  TO  EAST. 
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FIG.  8. 


FIG.8.  lOOO  LB.MKJO  BOMB  ON  GROUND.  TRIAL  No.3.  TEMPERATURES  RECORDED 

ON  BOMB  SKIN.  BOMB  NOSE  TO  EAST. 
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FIG. 9. 


FIG.9.  lOOO  LB.  MK.IO  BOMB  ON  GROUND.  TRIAL  No.3.  TEMPERATURES  RECORDED 

AT  SURFACE  OF  FILLING.  BOMB  NOSE  TO  EAST. 
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FIG. IQ 


FIG.IO.  lOOO  LB.  MK.IO  BOMB  ON  GROUND.  TRIAL  No. 3.  TEMPERATURES  RECORDED 
AT  A  DEPTH  OF  3  CMS.  INTO  THE  FILLING.  BOMB  NOSE  TO  EAST. 
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(a)  BOMB  TEMPERATURES. 
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FIG.lKa&b)IOOO  LB.  MK.IO  BOMB  IN  BUCCANEER  BOMB  BAY 
TEMPERATURES  RECORDED  IN  BOMB  AND  V.T  FUZE 
DURING  FLIGHT.  TRIAL  No.5. 


BOMB  TEMPERATURE 
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(a)  BOMB  TEMPERATURES 


FIG  l2(a&b)IOOO  LB.  MK.IO  BOMB  ON  BUCCANEER  PORT  INBOARD 
PYLON. TEMPERATURES  RECORDED  IN  BOMB  AND  V.T.  FUZE 

DURING  FLIGHT.  TRIAL  No.  6. 
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